Post-translational addition of an arginine moiety to acidic NH2 termini of proteins is required for their recognition by ubiquitin-protein ligase.
Recent studies have shown that selection of proteins for degradation by the ubiquitin system occurs most probably by binding to specific sites of the ubiquitin-protein ligase, E3. A free alpha-NH2 residue of the substrate is one important determinant recognized by the ligase. Selective binding sites have been described for basic and bulky-hydrophobic NH2 termini (Reiss, Y., Kaim, D., and Hershko, A. (1988) J. Biol. Chem. 263, 2693-2698) and for alanine, serine, and threonine at the NH2-terminal position (Gonda, D. K., Bachmair, A., Wünning, I., Tobias, J. W., Lane, W. S., and Varshavsky, A. (1989) J. Biol. Chem. 264, 16700-16712). Proteins with acidic NH2-terminal residues are degraded by the ubiquitin system only following conversion of the acidic residue to a basic residue by the addition of an arginine moiety (Ferber, S., and Ciechanover, A. (1987) Nature 326, 808-811). Although the enzymes involved in this post-translational modification have been characterized, the underlying mechanism has been obscure. By using a chemical cross-linking technique, we demonstrate that proteins with acidic NH2 termini do not bind to E3 without prior modification of this residue by the addition of arginine. In contrast, proteins with a basic NH2-terminal residue bind to the ligase without any modification. The recognition of acidic NH2-terminal substrates by E3 is dependent upon the addition of all the components of the modifying machinery, arginyl-tRNA-protein transferase, arginyl-tRNA synthetase, tRNA, and arginine. The ligase-bound modified proteins are converted to ubiquitin conjugates in a "pulse-chase" experiment, indicating that the binding is functional and that the enzyme-substrate complex is an obligatory intermediate in the conjugation process. Chemical modification of the carboxyl groups, which results in their neutralization, generates substrates that bind to E3 without modification. This finding suggests that the amino-terminal binding site of E3 is negatively charged, and only positively charged amino-terminal residues may bind to it. Negatively charged (acidic) NH2-terminal residues will bind only following neutralization or reversal of the charge.